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AN ADAPTIVE WIDEBAND DIGITAL AMPLIFIER FOR LINEARLY 
MODULATED SIGNAL AMPLIFICATION AND TRANSMISSION 

FIELD OF THE INVENTION 
5 [0001] This present invention relates generally to electromagnetic processing, and 

more particularly to the attenuation or amplification of electromagnetic waves. 

BACKGROUND OF THE INVENTION 
[0002] The controlled attenuation or amplification of electromagnetic waves has 
many uses. For example, intelligence may be conveyed along a wave by attenuating and/or 

10 amplifying ("modifying") electromagnetic wave characteristics, such as is seen when 

modulating amplitude, frequency or phase of an electrical current or radio frequency (RF) 
wave to transmit data. As another example, power may be conveyed along a wave in a 
controlled fashion by attenuating and/or amplifying electromagnetic wave characteristics, 
such as is seen when modulating voltage or current in a circuit. Moreover, the uses may be 

15 combined, such as when intelligence may be conveyed through a wave by modifying power 
characteristics. 

[0003] Electromagnetic wave characteristic modification may be accomplished 
through digital or analog techniques. For instance, a wave may be switched off, and thus the 
wave attenuated completely; the voltage of a wave may be increased, such as by a factor of 
20 1.5, and thus the wave regulated; etc. Digital and analog attenuation and/or amplification 
may also be combined, that is, the same wave may be subject to various types of digital 
and/or analog attenuation and/or amplification within a system in order to accomplish desired 
tasks. 

[0004] Using digitization to process electromagnetic wave, such as in the 
25 amplification of a wave, has provided improved linearity of the processed wave, while at the 
same time also improving the efficiency of the process by reducing power consumption. 
Digitization also allows for the reduction of noise in the processed wave through the use of 
digital based techniques that are not available in analog processing systems. 
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[0005] Accordingly, it would be helpful to the art of electromagnetic wave 
modification if apparatus, methods, and articles of manufacture were provided that utilize 
digital techniques in the processing of electromagnetic waves. 
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SUMMARY OF THE INVENTION 
[0006] An embodiment of the present invention comprises an apparatus including an 
amplitude mapping circuit for converting at least a portion of an amplitude signal to a binary 
value and a plurality of amplifiers coupled to the amplitude mapping circuit, such that the 
5 binary value is transmitted to at least one of the plurality of amplifiers to specify a gain level 
of the amplifier. 

[0007] An embodiment of the present invention also comprises a method for 
processing a signal, comprising the steps of separating the signal into amplitude and phase 
components, generating a binary representation of at least a portion of the amplitude 
10 component, and specifying a gain level of one of a plurality of amplifiers in response to the 
generated binary representation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] Figure 1 shows a signal transmission apparatus according to an exemplary 
embodiment of the present invention. 

15 [0009] Figure 2 shows a digital amplitude restoration section of the signal 

transmission apparatus shown in Figure 1 . 

[0010] Figure 3 is a flow chart showing the process for setting the gain of the signal 
transmission apparatus. 

DETAILED DESCRIPTION 

20 [0011] The term "signal" as used herein should be broadly construed to include any 

manner of conveying data from one place to another, such as, for example, an electric current 
or electromagnetic field, including without limitation, a direct current that is switched on and 
off or an alternating-current or electromagnetic carrier that contains one or more data streams. 
Data, for example, may be superimposed on a carrier current or wave by means of 

25 modulation, which may be accomplished in analog or digital form. The term "data" as used 
herein should also be broadly construed to comprise any type of intelligence or other 
information, such as, for example and without limitation, audio, voice, text and/or video, etc. 

[0012] In an exemplary embodiment, a wave may be divided into two component 
characteristics. This wave may be an input wave, for example, to an electromagnetic signal 
30 transmitter, receiver, or transceiver. As shown in Figure 1, the input wave may be divided 
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into a magnitude component (m) comprising magnitude characteristics of the input wave over 
a defined period and a phase component (0), comprising phase characteristics of the input 
wave over the same period. If the input wave is defined by the following equation: 

s(t) = I(t) + jQ(t) = m(t)e Mt) 

5 Then the magnitude component (m) and the phase component (</>) may be defined by the 
following equations: 

m{t) = *Jl 2 (t) + Q 2 (t) and <p(t) = arctan(^) 



[0013] The manner in which the input wave is divided is not particularly limited. One 
10 exemplary manner in which this may be accomplished is to provide an input wave to a digital 
signal processor, which digitizes the wave, such as by the use of rectangular coordinates or 
In-Phase (I), Quadrature Phase (Q) data. A rectangular to polar converter then receives the 
I,Q data and translates it into polar coordinates. 

[0014] It should be noted that, in other embodiments, a different digitized 
1 5 representation of a wave may be provided if desired. While the invention is described herein 
in connection with an embodiment using a digitized wave with polar data, those of ordinary 
skill in the art will appreciate that the invention is not limited thereto and may use any digital 
or analog waveform, or combination thereof. 

[0015] It should be noted that the time period in this and other embodiments is as 
20 desired. For example, embodiments may derive magnitude and phase characteristics of the 
wave over various time periods in order to maximize resolution of the wave, maximize speed 
of operation, etc. These time periods may be dynamically determined as well in various 
embodiments so that they change during operation. In the preferred embodiments, the 
division of the input wave is synchronized, in order to maximize accuracy of output and 
25 minimize any distortion. 

[0016] Figure 1 shows a signal transmission apparatus 100 according to a first 
exemplary embodiment of the invention. An input wave I is initially provided to, or 
generated by, base band signal generation and coding portion 110. The base band signal 
generation and coding portion 110 preferably digitizes an input analog wave (e.g., converts 
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from analog to digital) and/or directly process digital data , and may additionally provide 
necessary coding, such variation by a pseudo-random sequence (as is typically done in Code 
Division Multiple Access (CDMA)). 

[0017] After the input wave I has been processed (e.g., digitized and coded), the base 
5 band signal generation and coding portion 110 provides the processed signal (analog or 

digital) to a rectangular to polar converter 120 which separates the signal into amplitude (m) 
and phase (0) components. From that point, the amplitude component (m) of the signal is 
provided to an amplitude mapping portion 210 of a digital amplitude restoration circuit 200 
(See Fig. 2). The amplitude mapping portion 210 converts the amplitude signal into a 
10 specific number of bits (bi-b n ). For example, for 32 bits, the amplitude mapping portion 210 
would convert the amplitude signal into bits b r b 3 2. 

[0018] As discussed above, the amplitude portion (m) of the original input wave I 
may be converted into digital pulses comprising a digital word (DW) quantized into bits bi to 
b n , with a Most Significant Bit ("MSB") to Least Significant Bit ("LSB"). The digital word 

15 DW may be as of varying lengths in various embodiments (e.g., 32 bits, 128 bits, etc.). In 
general, the longer the word the greater the accuracy of reproduction ("resolution") of the 
input wave. The digital word DW provides instruction signals for processing of the wave, 
such as for attenuation and/or amplification, in manner to be described further below. Of 
course, as is described further below, in other embodiments, a differently composed digital 

20 word DW may be used, as well as other types of derivation of amplitude or other wave 
characteristics. 

[0019] Returning to Figure 1 , the phase component (</>) of the input wave is 
modulated onto a carrier wave, preferably a radiofrequency (RF) signal, by phase modulator 
130. This carrier-modulated wave preferably has a constant envelope (i.e., no amplitude 

25 variations), yet it has phase characteristic information of the original input wave. The carrier- 
modulated phase component (</>) of the input wave is then provided to a variable gain 
amplifier 140 which prepares the wave for power splitter 250 of the digital amplitude 
restoration circuit 200. Although the above discussion concerns modulation of an input wave 
with a phase modulator, those of ordinary skill in the art will realize that other methods of 

30 modulation are equally as applicable (such as up conversion with mixer(s)). 
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[0020] Power splitter 250 divides the carrier-modulated phase component (<£) of the 
input wave into a plurality of segments Si-S M which are processed by a digital amplitude 
restoration circuit 200 (See Fig. 2). Those of ordinary skill in the art will recognize that the 
number of segments into which the carrier-modulated phase component (</>) of the input wave 
5 is divided is variable and depends upon the particular quantization scheme and the amplitude 
level of the input signal. The power splitter 250 also provides impedance matching between 
the circuitry transmitting the carrier-modulated phase component, and the plurality of 
segments Si-S M - As those of ordinary skill in the art will realize, the digital amplitude 
restoration circuit 200 may be implemented with discrete circuits, with integrated circuits, or 
1 0 with hybrid circuits. 

[0021] Figure 2 shows a digital amplitude restoration circuit 200 which is part of the 
signal transmission apparatus 100. As discussed above, the digital amplitude restoration 
circuit 200 includes a amplitude mapping portion 210 for converting the amplitude portion 
(m) of the input signal into a digital words DWs, each of a specific number of bits (bi-b n ). 

15 Each digital word DW is representative of at least a portion of the amplitude portion (m) of 
the input signal. The digital word DWs are provided to a digital gain control circuit 
220which provides gain control signals to respective amplifiers PA]-PA M in the plurality of 
segments Si-S M through a plurality of noise filters 230. The noise filters 230 remove any 
noise introduced in the conversion of the amplitude portion (m) into the digital words DWs as 

20 needed. As noted above, the digital amplitude restoration circuit 200 also includes a power 
splitter 250 for splitting the carrier-modulated phase component into plurality of segments Sp 
Sm and providing impedance matching, and power combiner 240 for recombining the 
plurality of segments S 3 -S M into a unitary output signal and providing impedance matching. 

[0022] Besides providing gain control signals to the plurality of segments Si-S M , the 
25 digital gain control circuit 220 also provides input and output control signals 221, 222. Input 
control signal 221 controls the portion of the power of the carrier-modulated phase 
component supplied to each of the segments Si-Sm, and the output control signal 222 controls 
the recombination of the segments Si-Sm so that they are recombined in the same manner in 
which they were divided. The input control signal 221 varies the portion of the carrier- 
30 modulated phase portion (<£) of the input signal supplied to each segment Si-Sm depending 
upon the value of the digital words DWs generated by the amplitude mapping circuit 210. 



5 



Express Mail Label No. EL978573329US Attorney Docket No.: 18052 



[0023] As noted above, the control terminal of each segment Si-S M is coupled to the 
digital gain control circuit 220 such that the digital word DWs can be used to set the gain of 
each of the amplifiers. The amplitude signal (m) is quantized using the n-bit gain (provided 
by bits bi-bn) and M segments to yield a signal according to the following equation: 

n M n 

5 ^=Ke/E^ 2 ' + Z^(Z2*+l)), 

1=1 j k=0 

where, K ref is the reference gain of each bit bi-b n , K. is the segment gain of the j th segment 
when more than one segment is used, and M is the total number of segments. For uniform 
quantization, K ref = K } for segments that are biased "ON" (e.g., receiving a logic "1" at the 

control terminal of the segment), and K. =0 for the segments that are biased "OFF" (e.g., 
10 receiving a logic "0" at the control terminal of the segment). 

[0024] In an exemplary implementation according to the first embodiment of the 
present invention, the digital word DWs generated by the amplitude mapping portion 210 are 
each 5-bit (e.g., each with bits b r b 5 ), and the digital amplitude restoration circuit 200 
includes four (4) segments S1-S4 (with corresponding amplifiers PA1-PA4). Using 5-bit 
15 digital words DWs to represent the amplitude portion (m) of the input signal, each amplifier 
PA1-PA4 can specify one of 32 gain levels (e.g., 2 5 = 32 possible binary combinations for 
each digital word DW). With four (4) segments S1-S4 and 5-bit digital words DWs, the 
digital amplitude restoration circuit 200 can represent any quantization level between 1 and 
128 (i.e., each of the four segments S1-S4 can represent a gain level of up to 32). 

20 [0025] Continuing with the above example, if an instantaneous amplitude value of the 

amplitude portion (m) of the input signal is set to the decimal quantization value "70". In this 
case M=4, n=5, and Kj=0 for j= 4, then the amplitude mapping portion 210 would first load a 
five-bit representation of the 32 nd gain level into the control terminal of the amplifier PAj and 
PA 2 . The amplitude mapping portion 210 would then successively load, a five-bit 

25 representation of the number 32 nd gain level into the control terminal of the amplifier PA 3 , a 
five-bit representation of the 6 th gain level (e.g., 001 10) into the control terminal of the 
amplifier PA 3 , and amplifier PA4 is biased 'OFF'. 

[0026] Figure 3 shows a flow chart describing the process 300 for setting the gain of 
the respective amplifiers PA r PA n . As discussed above, the amplitude portion (m) of the 
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input signal is first quantized by the amplitude mapping circuit 210 at step 310. If the 
quantization level of the input amplitude signal is greater than the gain control range of an 
individual amplifier PA (step 320), then the process proceeds to utilizing multiple amplifiers 
(step 330). However, if the quantization level of the input amplitude signal is less than the 
5 gain control range of an individual amplifier PA (step 320), the gain of the amplifier is set 
directly (step 340). Obviously, if the quantization level of the input amplitude signal is 
greater than the gain control range of an individual amplifier PA, then a certain number of 
amplifiers will need to be selected at step 330, before the gain of each amplifier is set at step 
340. Once the number of amplifiers, and the gain of each amplifier, is set, the process 
10 outputs the restored signal s(t) at step 350. The restored signal s(t) has the amplitude portion 
(m) and the phase portion (</>) recombined. 

[0027] Using the above example, the quantization level "70" is greater than the gain 
control range of an individual amplifier PA (e.g., 0-32). Thus, multiple amplifiers must be 
used to achieve the quantization level. Since "70" may be divided by 32 at least two (2) 

15 times, at least two amplifiers PA must be used. Using two amplifiers achieves the 

quantization level of "64", and thus one additional amplifier must be used to achieve the 
additional six (6) levels. Accordingly, the first two amplifiers (e.g., PAj, PA2) would have a 
gain of 32 (the maximum gain), and the third amplifier (e.g., PA 3 ) would have a gain of 6. In 
the above example amplifier PA4 is unnecessary to achieve the quantization level of 70, and 

20 thus is unused. 

[0028] Input control signal 221 issued by the digital gain control circuit 200 controls 
the power splitter 250 to divide the power of portion of the carrier-modulated phase 
component corresponding to the portion of the amplitude component being restored by the 
digital amplitude restoration circuit 200 accordingly with the number of amplifiers utilized. 

25 For example, using the above-described scenario would result in a power division between 
three (3) different amplifiers (e.g., PA1-PA3). However, the first two amplifiers (e.g., PAi, 
PA2) are at maximum gain and thus should receive more of the power of the carrier- 
modulated phase component than the third amplifier (e.g., PA3). The power splitter 250 will 
evenly distribute the carrier-modulated phase portion (</>) of the input signal to amplifiers 

30 PAi-PA n that are ON. Similarly, the power combiner 240 will finalize the amplitude 

restoration and deliver the modulated and amplified signal s(t) as defined by the following 
equation: 
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s{t) = {K ref f®f j b i 2 i +f j K j f®(f j 2 k +\))K,e j ^' ) 

1=1 j k=0 

Where f is the filters required for 'potential noise limit' requirements. As will be understood 
by those of ordinary skill in the art, the 'potential noise limit' will be different for different 
applications. For example, in a Frequency Division Duplex (FDD) wireless system (e.g., 
5 CDMA, WCDMA, WLAN), transmitter and receiver operate at the same time. Therefore, 
the transmitter 'potential noise limit' requirement in the receiver band is more restrictive in 
an FDD system than in a Time Division Duplex (TDD) wireless system (e.g., GSM, TDMA). 

[0029] Although the invention has been described in terms of exemplary 
embodiments, it is not limited thereto. Rather, the appended claims should be construed 
10 broadly to include other variants and embodiments of the invention which may be made by 
those skilled in the art without departing from the scope and range of equivalents of the 
invention. 
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